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Efficient and Dynamic Data Management System for Cassandra Database

WANG Bogian YU Qi LIU Xin SHEN Li WANG Zhi-ying CHEN Wei
(School of Computer, National University of Defense Technology,Changsha 410073, China)

Abstract Cassandra is one of the universal databases,and it’s also specified as the top level project by the Apache. For
the Cassandra distributed database system,a large number of write requests will cause excessive and dispersed SStable
structures and high data redundancy, causing low efficiency to the user read requests. This problem can be solved by the
local data consolidation mechanism triggered automatically by the system or by the overall data consolidation mechanism
triggered by the human intervention. However, on one hand, the irrational timing automatical partial merger process will
seriously reduce the performance of the read operation requested by the user;on the other hand, the long-time human o-
verall data consolidation process will occupy a large number of system resources, which will severely restrict the overall
performance of the corresponding system. To solve this problem, we presented an efficient and dynamic management
mechanism, Firstly, appropriate implementation strategies are developed to the time of the merger, the file involved in
the merger and the merge process by monitoring system environment and managing the data according to the time and
size. Secondly, the impact of the consolidation process on system performance is reduced by reducing the data combina-
tion time through specific optimization methods. The final result shows that this data management system optimizes the
Cassandra database consolidation process and ultimately enhances the response speed for the read request.

Keywords Cassandra database, Dynamic data management,Consolidation strategy, Response speed for the read request

Vol. 43 No. 7

1 58

WEA LB R R » AT A SRR IE H e 4R, Bk i
ZHREIESBAEMEIN. B, REENEESEREAT
AT HEF . REEIE MRS XA BRI EIEMEE
Ko LAZE T —Sef G2 i B BRS04 LA R B (R R AR T
SZARERL . KRB R A KB BRI T 3R e
77, FIRL AR GE B AL B AT AR T E KPR K

B H§.2015-05-18 iR{& H#H:2015-08-31
T H (20114307120013) ¥ 1.

B ke ER AR RENBIRLEE BT AP %R
BHEER . 4 T AR AL, FERE A4 B 0T LASH X X $0H8 B
FWSREE B BEAR AT M8 PR B I s A BT
TR AL B AR BS54 SN AL BR R B ml > B BAF B S RY TT
B I K B BT Bk A B T LAE S ShAS A SR
LA B 3 0 A B8 O A X B 4 LA % 2 RS T ] R AL AR 4
PEBRM . ASCE RS S BE T BRI 2 M KR
L Fi——Cassandra (88 R GE#AT T 040 Bit T HEHR K

AXZEFRERABZELINE (61472431, 61202121) , i HF W B L2 KB+ SFH8Mt s

FiF 1990, 5B, ML, EEBIF 0K KL E-mail : wangbogian1990 @ gmail. com; F - F(1990—), B, B+, FBHEFT AN RE

%’F"J,X‘] ¥(1990—)»ﬁy@ﬁidﬁ?ﬁfﬁfﬂﬁ%ﬁfﬁﬁ;ﬂl

(1976 —), B, BB, TEMR TN RALEW; THEFE1956—), H, #H],

FERRFTVARKE ERELE B #801982—) . &, ¥, EEBTR b i s R AL B

+ 197 »



BRI BAHE THEMRIEFERA.

Cassandra 3 2 & — 1~ $6 B ) 43 A5 X NoSQL $4E &
#4t, H Facebook FF &, Bk Amazon TH M7 250/ APE
FE Dynamo 35, 454 T Google BigTable f 5 7 fE AR,
AR Z T EE T LLFRZ 7 Dynamo 2, 0; M G H X BN A-
pache TREZIN B , 114> IE B & F B0 48 FEHEAT 5 89 Toplo 7751
ZHR A TFHBHFMTY M, # Digg. Twitter HH &
Web2. 0 PISEBTRM™

Cassandra 332 £ 2 % F key-value X HITEAERLEY, 7E
AR A MemTable S4B HIRL, SO X RERFEYLE B2
WA EREFRNF P, RREBEHIDNIFER. MR
FH i) Memtable A B|—E K /PEHHRIAFE AZI#EE
b 7R E IR A SStable HABERAT . XFHLHIE—ER
B EIET Cassandra BIEFEHE A MEBRAEHRMESHE
A8 (HRHE R T EIE R B IR, TR E PR 2 BURIE
HRERE R T EE ., R E 45889 SStable 28 f=4A T
KEEHBE, SATHEZNEHRERRETR . HaemE
SR PR AR RE .

FEF FREE, A 3CR A — AN BEE g ELH , —
T, K SStable G338, W B G ISR &5 HKEE
AR BRI 55— TH L AT W W R R AR RE, B A bk
SR F AR R S5 A 5 SRS WA BAR U4 B B P SR ok
HE,

2 Cassandra ¥3EEIT hH o7

AT IR Cassandra U8 FEZE BT UM BB IR S
AR, 8 0 SR AL AR B S R SR AT A AR
AR EMEMESIRE.

2.1 HBAERBSH
Cassandra FHRFEELT S LMETHRENE 1 iR,

(Xt F RS SR AT 264k
1

AR v
k70008 [ B
o g A% 7oooﬂln"|

kR

i Rstage
| StageManager
2 FWAEE
: FAMER
¢ T1 v T2 v ¥Tn
O 2R B2 7 6 3R B T EE |
PR || P2k R F Sk R
]

B 1 Cassandra $REAY SB1THE

HEZREL KT 2160 3 0 R WAL P EIEER, &
AP EREEALEBL T QRERRETAHZIER, Z
+ 198 -

S BN WA R AR TR W 2, R | 7000 3R K%
BHEER., EBNMFERBENRS S84, TRLKEW
BEEHRER, T StageManager BEIL X 417 IR 5 3%
EHBE . VAERMBE -, AOHERITREY KR
|k Cassandra $(#EEAEE VL H R K2, B MR HtE
BER LIRS A AR AR R T . BiERwa NI 2 Rk
A 2 B,

Key(CF,CF,CF)
Key(CF,CF,CF)

T
SStablef? 5 §

los%ﬁﬁlﬂi: o e:
disk | log | SStable

Bl 2 Cassandra B EE AHR KR

EBALRP, BEBA log it F 30, 4R W7 IS 7T LA
WERGEE, ZEX T EAWBA key-value X, # i key
EHE K /DR F R IRE AW F B Memtable 45 # 51, X4
Memtable Z5#i5 8| — & KNG, #id 7 & %1 Memtable
4EHFE 4k R SStable £5HE ARERL . [FIH, S 3HE R FEHTiE
3R sCassandra ¥ HAL N G — WEHER SR, S FmEsw . E
itk B 7E#AT SStable &3 i LM BIBH K IEEH A
WER. Z BRSNS RIEER TR E#ME, it
WAREFENHL B T &N EEE AU RER MR, %
KR T BABERR B A B FIEH R MG .

MZ T PR B EE R E 2. HXE 8,
HA B 7E T Z B A8 5 B 7 A FE R 9 Memtable 5
HaFORE £ | 9 £ 1 SStable 549, B Xt T ¥ 45 B9 2 ) 3
1 RE SR IR B BB BT A Bl A, B & MU R A R BT
FIEEARAF . BB nE 3 Fix.

Vi%’ijﬁi
Memtable EEEWER

Key(CF,CF,C

K:((c;c;c?) FMERERY B HEW
RARR

[Tilter ] SStable
disk SStable kR

T

Bl 3 Cassandra $(3% FE R BL#R R

BEBUER S, B SR row_key {H7E Memtable &R
IERGR, ZE#T row_key HTEARE I SStable Z5Hy 5 {7
HAFEERGE , WM R SStable ZHWIRA N, BA S
HiZ B Memtable 1 SStable i@ F 338 i row_key {H A ]
RRBFHABESRENARP . EXMIBRPHFEES KR
PRI RIRIE, B— KRR T E ML R key {5 BT 7E
SStable 5 HI1 B , B 2 # 8% & 304 bloom filter;  — K B
EBEEA i E ML RE ZIC R K SStable Z#50,
BAR7E Cassandra WEBA E#E i Row Z 7 Key ZFER B
AEERVIH , BREERER MM, ENHRREHE THY
Bl Row ZEBIERI R BEHT AFEARKER 5 Key &
HERSESEE/N, BRMRATE BB RNTEPHE K



REREBHRAE.

B M, ZEBA B Cassandra B3 FEHL &I o, 3R A L BLXS
ERENBEMRA, BB RGBS, RBUREER N
TREMEERT.

2.2 MgEMmEITWIR

WAL B BR R ENR IR 1 5

#1 REMEKWEEFFE

R FRE
1 CPU Intel(R) Core(TM) i7-2600 3. 40GHz, MW# . N\ & &
2 L1 cache 256k % 4,12 cache IM % 4,L.LC cache 8M * 1
3 Memory DDR3 1600MHz
BRI
1 Ubuntu Desktop 14. 04, WA A 3,13.0
2 Java BA& 1.8.0_20
3 Cassandra 2, 1.1, YCSB 0. 1. 4

XIS ITE R, T AR AR YCSB
AR BB ER R T AT IR 32 . B LU R MBS B R 4E
HIHERERS LA R AR 2 BVFl. WA BEE RN 10GB, R
& 14> SStable BIFFSET MRS R , FEXHEBI E KR
SROEFET NRERF . FRERETIRE.

x2 5 MR ERFRERIERER L

Eid WRHEE MG ATHEE (ops/sec)
&2 3:8 1000000 4400 227
B E H 1000000 27 37037

FTLAE WY 45008 132 BEURN B 3 4047 38 B A 22 7E 100 £ 22
H ., Cassandra $UBFEMMG . EFH UL T RIENPITEERE
A+ RBRRFER SRR, X 58 EA S iR LI
HH R, X 3 MREARF LI AR PR EN SHRIE, =
EREWVAFNRFEG®RE, FREETEEBRIES A#E
BIRAE. (B FEERET S, i FHPFERE R EFEN
DERAE, AL T HBRERANET ., TERELH—
WIS, 48 ] AR AR S B AR R BRI

BAEIIR T B B X} Cassandra i3 BUER 15 M BE A0 B2
W, WEERHFRE Lnux ARLAN—MEBESRF . E
FEARWA AN 10 BfE, Bk, Bl E T A D
MBREFHYHEANT P, BRI EE X B A TF
fihE. —RIER T 7 Linx BEREF . REEEF S H
RGEHEREHNF, B EIBR, AR ERE MR AR A
AEHE . FEALEWmAGIRE. £ GBHNELERT,.RE
JVM g #IUL 77 2GB, I8 31 5 S R P 6B A B, 5GBA L.
ELORIHAZ R 4 frRMY

im St
1000 - /Mu.. /..,.hw / /N /W,.,.W,,.v,wy.« /
7 7 7 7 .
ﬁsﬁ‘jé A EE R

05/8 1/8 2/8 38 5/8 10/8 10/16
P AMGBY A HERGB)

B4 USSR T80 R/ MBS B YRR A9 B2 M

ME A FLVE S SHREB AT UE2FA TR ESR
Tt o R P %500 i 7 B AR BB A B — B K 5 T
B B TUR R R /DT fE S B AR T R,
B £7= A KB R S R N SR B B R AE UM R R 4
PERER — MREE .

HK, Cassandra BIRE i B & 7= KB K SStable 4544,
XREAEAAT IR E R £ & KN B Y SStable 549, R B 7
BERERANTGEHTEIAR . $HH SStable 45
xR RER N 5 BTN,

240

R e
o~
i ~w
160 e
g 140 T ——
2 120
£ 10
n 2 13
HELX(GB)

B 5 % SStable BHXT LRI R IR E W

MR ER3RE A 1N A/ 11GB Y SStable U, 55
2.3 WA A PATEFRIE G MR, BRRAIER ¥ m 17 4
K/NF TOMB Z 4 B SStable U, T EEH#R/E, AR
HRESRE,

M 5 TTLIG NS5 . i 21 SStable 25135 A T 280G
B KB RFEVLSRRIE, B W T 6928 aE
K, BLE DB —FLKMHF T X SStable #4784 38k, Cas-
sandra B FI$E4L T HE S H AL : 1) Major compaction, FE
B BT HAT F B IRAE , ¥ TR 1) SStable #1743, B2
— i FEFERT B K 2) Minor compaction, %485 #% I 1Y SStable £F
E—ERER . HRK AT, BEESHIRPESLHE
JUFRBTR MBEEE 58, R X0 P SR s i R 1 o ™ 2
BIRE . BRIAE 6 BiR,

250 227

=

BERE

"4 B3 JE (ops/sec)

w

aFRE

B6 REEHABMEEFHRERMER
WAL R TR, BRI RERERBA S
BIBEBUE R M B B T M, R T 2 TUAR I SStable 451 F1
T KB E HBREER T RER S —MERERS.

3 RLRER

i ARG AT, AR I, 1 B P R
BEB FERFIT .

TEH SStable BT REN BB ITAMRARIIEE
BAE T RHMBEAEREENRAER T AHEEFAER
BAAARTS NG SStable & FH 8 HLLA R it & 898 3
e G ARBRAERE, “ERWT AriEk.

EFXF LR REMRS, AWERE T LT B RELIL KB .

WDEFENERERESTEREHRBITABEX
SStable &3, A BIR A

Cassandra M A & A #H W E S HFHLH: 1) Major com-
paction, FE R E M 5 317 F3HRIE K BT 19 SStable #47
A ERX-IRENEXR, SANTERE, S 08%
2x%F PP B9 SR 7= 4 P B B9 8 95 2) Minor compaction, %4
#& b #9 SStable X Bl —EH BN, B RAEJRB ST, TREH
HIBTALICER A 8 T 8, FTRE <18 B P iR MR i 3, X R

*« 199 -



TEOR e R A PR RN, R B ik 4% 2 5 B FF R SStable
A—EBit.

TR M —F 3G 6 A I SR, R RS B E S
AR 55 28R BB MAT R B EEHT KRB P IEEH#RE.
EHTE— B 0T H P AR 55 2R AL B BRI AR SR RRE — i
RO, A E o 2 A 1 R A 5, FF 4R 84T SStable
B, BB FERRERS AT AR R IR L K B
A SStable R4+ KBBR8/ SStable B T HBAK
WERREHTE MRKEARNESOR TR S 8%k,

HTREWLANBIR, DRESFEMEKBEHN
SStable 454, L MR EL T KB &I 8E. ST TFELH
ELRRENE , ASFAER P EROBIEMS 8, Re &
TRFEBRZEHWECREGMSHFAE—ENER, HILF HR
FHRMWMRN AT A ERNE RN B BT MA
7. METREAR S K Major compaction T 5 » B H M E /N
FEA A AT REBIFEA A AT E, WA T i T& HRExT
FREFHERHB KB A &5 . 48 e F Minor compac-
tion Ti 5 , A< & i T30 AT W R e R, B L BB (R 18 & 3F
B HLA SR A,

WS, K T A B[R] B A B AR X B P R 8 AR A
KIER . EAHHNBIESLat MR A P ER, Y328/
PiERERLEN CPU M REARE, S AR ILEHE
1, FEATEHR B .

REMEFFVLEN 4§15 6 F 1 SStable ITHME B AN
b 3 S It B ™ A g e e SO SR e IR BIRE AR L X
B H RGBS B A A A S, 3 RIS A I
S5 &R SStable SUF, X R4 & KL I
R RLSE , IR R E S A 3 B = A Wi s S0
BRI, Rl eT Sk E2 07 W AR R, BN MR R IE S BT A BY
BUE R B A IFZATARAE ., BN T B BB REX &4
AR M KW, R R E F N F R SStable £ 4
W BRSO B AR 8] 4 58 5 U B AT HE . IR B A B A
f) SStable £5#4, 3 B KW EBEEHE—ESWEEAN
HEAREINEEZFHELERN—F.

REEA R —KEHHRE, BT UB S FRER
T 18 KB 7= A Y IR R B AR X R Gtk BE BT v R A B TR, SRS
ARE - RENRBNERRITEI BET EHIE
B ], HE— 2B 3N T X F A P ERE AR AR U R &
HULHI B RTATH

(2)3@ 1 PR 2R BHLHIB L SStable & - H].,

R T RA-EFet 2%t F P 6 B0, SR A — b S B8 SR 38R /)
S AREE, RS EUETRERIERES SR
HBAFNSERGTET. B TFRERENBEERA ENEL
BTEEHTEHARE. KR BTFEESHASEAK
Z1 CPU %R, BT LR SR ENH B ERAZNE
IBERHATH R I, ME IR . B LH , BERT LA
DA R B A, AT UGS SR A JF Tt R G A ], 3 i
F G55 e R R A 2, i BIRIRE R B, AR A A R
G 23 R R EHEAT & R R B E A AT 4T

BB E BRI R LR M ARBImT.

RBH R
while(true) {/ /BT M R AT IE I AT H R #R1E

¢ 200 -

GetSystemlInfo() ; //R1B R A HESH
If REFFAPREE KA then
/% BB IR B ) B K /ME B IRESUE R/ME BRI AR R list
IR QIR R HEFF « / '
listinfo= ReadFilelnfo(userspace) ;
list [ ]=SortByFileInfo(listinfo) ;
/ % SR list AT T HAE x /
[« FICMER 1L MHEFEET —A list i+ /
ConsolidationFileList= GetFile (list); // M\ list FFKP — EH F
B—Ef/NR B SUE
pthread(ConsolidationFileList). start(); { //ZBE 5
Prefetch(ConsolidationFileList) ; //FB 34
UserDefinedCompaction{ConsolidationFileList) ; / /&£ B3t
TPATR P E XA E & 3
InfoMainThreadO) ; / /B ERB S H A BLER
}
/ * ERBPITEHS » /
white(true) { //fEFF I R IORS R LBIATIHA
GetSystemInfo() ;
If HRAEFRRGABFERTE then
Interrupt(pthread) ;
break;
End if
DetectPthreadRunInfo();
If REBMATIEE then
break;
End if
Sleep(time) ;
}
End if
Sleep(time); }
f1 BB ERRRET] LI B, R EE T R R YRS 2%
R RE SR, P Mo B FF 0R LA B BE BUBR ST M ERAT A HF IR E .
HX B ERGEFRFHRBERITHERMNERESIHF,
dont ERBIREI RGA T, HIHHAT LB REHAT
KB FIER, BN Rt L4338, UGHEA P F
REEREAZ RN & & FHRIEERL L, NEFEF T L
LSy

4 MERERIRFS IR

4.1 HFEE

B e I o B T T BOIER UR A R EROR . ST
BHAT AR, R MBI TR EREZF, YA
BRI EEEITRESHBE, BREERmE 7
B

.............. ARBEAH S HBE AP O} — AR XK

-2BERES

A3 H M)

B pptsEneooooe v“—""é;é
0 W0 248 560 120

L H & ANMB)

B7 MBI A IR

B 7 AR R R E A I R IE S a0t ],
HEEAR B SR A S8 BUB-6 5F SR £ 28 B Rk 1B), W LU B, 61



S ERER/DRIBARS H B BT S, TELS I R ug By ad (6 IT 45
BUNFHBEA RIS, 3 A HE & R R R,
HuHa g a iR R R g .

HRESHE BB R 1% B B B RALLEI X & 30
TRERR . XBALSBELBNHM EES I RIENR W,
e 3 frF.

#3 BABEEAIFREIEIHFITRIL

BEAHMB) R2BEG)  RAEG) HERAD
70%8 66 129 2.27
560 % 2 126 248 1.59

ALUE WX FEESH M E » SLEILHIFHF A B
AEIFatiEl, XAEERH U TR EHZ 58

DRABEETRG AT S ZHEET R, AT 33
LB I RERE MBI R P /£ THEE, M B A
HRERTT AR,

DEFEAFEHABREATRENRER R, MAFE
[E1#0 CPU ThEE S TE , AT S BOETE AFF & IR =4
£, FHEHERREATHR.

FEXEE R OL , 2 A R AL LB TR 31T
Wiz, K BRSNS R BIE R — 2L I Rk
4 fir%l.

£ 4 BERBIBARRE I BURH:RER 1

BAELAD 47 B B (o) (e 1B B R BB D)
(MB) BufE O REE 4% WEE
560 11 22(22)
1120 24 49(48)

A PESARE M EERZHARSEREMNTRET,
R RRBBTHRATH L[], FTLIE L, SRBHEH
PR AT R R FEE KRB E A IR, BB tH et , B4R
LR IR REIR T I HBER .

ST —MIESL, B RN BIE TR B TR E S
i, Z B RIR R R BN EB AN HTIIEL, F R
e 5 o,

#5 ZRBEIFERIMAIFLRKER

SHBEANMMB) BEEG)  KEEBG) HgRAD
280 % 2 48 82(96) 14, 58
560 % 2 94 162(188) 13. 83
1120 % 2 176 418(352) —18.75

25 PRHRSNEE NG IHHALKERNRET, RHE
KBBITPATHREWEE . T LIE S, 5RO L
BULEAR BRI &P RE AR T, #H058 3 ik, B T X
VARG LR BB ELS T 4GB, KRR M4
WEXEFRTRERFZT, XHHIE 8GB By Hil B mix il
TR EFHAREZTAR LR, NS RBRERY
HERES T SRR Bl 12, AT ™ B R M S A o
7.

H AR A58 R B B B S R IR S A BE BUR 5 5
BNAESFHF AR LUME AR SR, PR
FEHBI R ARLBH IR, RENF IR RAS LR
F A0 » [ i B ARAE 5 3 B I 00 48 A0 A2 AR BB A
BRENFHFREERFHRAD.

4.2 B WG R BE
BRARAHI MRS RN E 8 Brs , H1 4616 0 WL &=

75(72) 102(96)

A 14K/ A 11GB B9 SStable £54 , 22 f5 B8 IR B0 2 5
T AGB RUE, FE R B RN S 0F R AT IR B B
#.

e RW o RUE —— WA

" 57 3 J (ops/sec)

B8 DLALHTE P R SR R Y R L

B 8 A LAE AL J5 2R GE RO SR B 7 P RE AR BRI 1
RMmEH TRKKET BIFHEA TR T 133% K HkaeHR
Frit. FBRASREZN, i TER T HEITR, BEEIR B
B ER 23GB R T 13GB, TTASE 1 49 12GB 43 /)
2T 2GB, WA T 8306, XFE—FHEIMD T i % SStable i)
BERMAFEIHRE, A IS THETIR, EMT TR
HEF R AR, LA T RN BERTT.

4.3 HHFIEN RGN

BHIRSATRERNRERR, LHEREH TMMN
R, AR —ERE ER W R BANEE, BT
LB, ER AP ETERT, AR 0E 9. &
10 Fi7R .

w4 1 2R (ops/sec)
:

-

\

B9 AIHBIAENRPEERNEE

65

Rk fitat

o 8888

% S J¥ (ops/sec)

B 10 &3HFRENAPRERNEM

MESRILE R, &S BHE BB T —EH
L. WA RGT R EERE TR TIES £.5
BRAEERTRETIL 2 5. BREFBRERRNT R RN, X
ETREGHFARIUEFESHER. W TREELINE
FMHTF , TTRBE XA I HLLL K & 56 [E B H , i 4
XA IR M M EBS E & HELLL REBE S HI B
FEHAT T AL, SR P RO 8 25 B 5
KA EHASAT & EAE, T BB E FEH IR AR
SeE IR X AP 60132 5 ) I SR T A B B I, TR A th 48 48
TEIEELBNT &3S BN R R R I, i —E N
TR R L .

HERIFE BT Cassandra S48 B ) A2 4040 LA Btk BB
WAL THARREHEN BRI, 45 HEHHR
JB A — R AL IR I B 5 28R A I8 B R R AR LAY
RS HEAT R B B & IR R 1E , FLUGE o BUR AN R AL

+ 201 -



SRR A I B SR RN T W, MR
SR %M B DA LR eg AT LU B SRS et )L B S
Cassandra [} 45 2889152 BUw K2 MERE .

(1]

(2]

(3]

{4]

(5]

£ ® X W

Ferdman M, Adileh A,Kocberber O, et al. Clearing the clouds:a
study of emerging scale-out workloads on modern hardware[]].
ACM SIGARCH Computer Architecture News, 2012,40(1) :37-
48

Lotfi-Kamran P,Grot B, Ferdman M, et al. Scale-out processors
[J]. IEEE Computer Society ACM SIGARCH Computer Archi-
tecture News,2012,40(3) :500-511

First the tick, now the tock: Next generation Intel microarchi-
tecture (Nehalem) [OL]. http://www. bitpipe. com/detail/
RES/123871608_708. html

Rabl T, Sadoghi M, Jacobsen H A, et al. Solving Big Data Chal-
lenges for Enterprise Application Performance Management[J].
PVLDB,2012,5(12):1724-1735

DeCandia G, Hastorun D, Jampani M, et al. Dynamo: Amazon’s

Le]

7]

Le]

{9]

(10]

(113

[12]

Highly Available Key-Value Store[ J1. ACM Sigops Oper. Syst.
rev,2007,41(6) :205-220

Cartell R, Scalable’ SQL and NoSQL data stores[J]. ACM Sig-
mod Record, 2010,39(4) ;12-27

Nguyen T T, Nguyen M H. Zing Database: high-performance
key-value store for large-scale storage service[J]. Vietnam Jour-
nal of Computer Science,2015,2(1),:13-23

The Apache Cassandra Project[ OL]. http;//cassandra, apache.
org

Chen C, Hsiao M. Bigtable: A distributed storage system for
structured data[J]. Proceedings of Osdi,2006,26(2):205-218
Cooper B F, Silberstein A, Tam E, et al. Benchmarking cloud
serving systems with YCSB[C]//SoCC. 2010:143-154

Bridges ] T, Dieffenderfer ] N, Sartorius T, et al. Caching memo-
ry attribute indicators with cached memory data field[ P]. US,
US20070094475 Al,2005

Spillane R P, Shetty P J,Zadok E, et al. An efficient multi-tier
tablet server storage architecture[C] / Acm Symposium on
Cloud Computing Aem. 2011;1-14

(B8 170 W)

(11]

(12]

[13]

(14]

(15]

[16]

{17]

(18]

(19]

Li Y, Yang M, Kan H B, Constructing and counting Boolean
functions on even variables with maximum algebraic immunity
[17. IEICE Transactions on Fundamentals,2010,93-A(3) ;640-
643

Rizomiliotis P. On the resistance of Boolean functions against al-
gebraic attacks using univariate polynomial representation[J].
IEEE Transactions on Information Theory, 2010, 56 (8) 4014~
4024

Wu B F, Lin D D. Constructing Boolean Functions with Good
Cryptographic Properties by Concatenation[J]. Journal of Cryp-
tologic Research,2014,1(1):64-71(in Chinese)

REE, HREN BE RFEFLFERNONRBENRBME
[J]. $65334R , 2014, 1(1) ; 64-71

Wang Q,Peng J,Kan H, et al. Constructions of cryptographical-
ly significant Boolean functions using primitive polynomials[J].
IEEE Transactions on Information Theory, 2010, 56 (6) : 3048-
3053

Zhou Q F,Li X X, Qian H F. Construction of almost perfect al-
gebraic immune resilient functions on even variables[ J]. Com-
puter Engineering,2014,40(12) :74-77(in Chinese)

BE, FRE A% AL FERRB AR EEBoTHYE
EBEL]. BN TR, 2014,40(12):74-77

Carlet C, On the higher order nonlinearities of algebraic immune
functions[ M] // Advances in Cryptology — CRYPTO 2006.
Springer Berlin Heidelberg,2006.584-601

Carlet C,Feng K. An infinite class of balanced vectorial Boolean
functions with optimum algebraic immunity and good nonlineari-
ty[M] // Coding and Cryptology. Springer Berlin Heidelberg,
2009:1-11

Feng K, Yang J. Vectorial Boolean functions with good crypto-
graphic properties[ J 1. International Journal of Foundations of
Computer Science,2011,22(6).:1271-1282

Dong D,Qu L,Fu S,et al. New constructions of vectorial Boo-
lean functions with good cryptographic properties[J]. Interna-

tional Journal of Foundations of Computer Science,2012,23(3)

. 202 -

[20]

21]

[22]

(23]

[24]

[25]

[26]

[27]

749-760

Lou Y, Han H, Tang C, et al. Constructing vectorial Boolean
functions with high algebraic immunity based on group decom-
position[ J]. International Journal of Computer Mathematics.,
2014,92(3):451-462

RI5HE ALOYE 15 . R EBEPRHE R IM]. b5
Bl2£ 4 iR AL, 2000

Li C L,Zhang H G,Zeng X Y,et al. The lower bound on the
second-order nonlinearity for a class of Bent functions[J]. Chi-
nese Journal of Computers,2012,35(8) :1588-1593(in Chinese)
ZER,WRE, G¥E, % —2 Bent BEM HIEREET
RO HEHL24R,2012,35(8) : 1588-1593

Sun G H,Wu C K. On the nonlinearity,algebraic degree and al-
gebraic immunity of some symmetric Boolean functions[J], Chi-
nese Journal of Computers, 2014, 37 (11). 2247-2255 (in Chi-
nese)

L, A, JLERTFRAR R ok B i R SR vk B L AR B AR
Bba [T iTEPLER, 2014,37(11) : 2247-2255

Zhou Y. Characterization of a Balanced Boolean Function with
the Minimum of the Sum-of-squares Indicator[J]. Journal of
Cryptologic Research,2015,2(1):17-26 (in Chinese)

AF. EAB/NMF T RERR A S /R RBERZET] &5
F¥#,2015,2(1):17-26

Li W, Wang Z, Huang J. The e-derivative of boolean functions
and its application in the fault detection and cryptographic sys-
tem{]]. Kybernetes,2011,40(5/6) :905-911

Huang J L, Wang Z. The relationship between correlation im-
mune and weight of H Boolean function{J]. Journal on Commu-
nications, 2012, 33(2):110-118(in Chinese)

HEE, T HA/RBEAEX G SERNXR] EE
2#3%,2012,33(2):110-118

Zhao M L. Method of detecting special logic function based on
Boolean e-derivative[J]. Journal of Zhejiang University (Science
Edition) ,2014,41(4) ;:424-426 (in Chinese)

BER. BTHR e HASHEEGBRR )] $iirkx
2 (EERRD ,2014,41(4) :424-426



